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INTRODUCTION

The North Unit Main Canal, part of the Deschutes Project in central
Oregon, Figure 1, originates at the North Canal diversion dam and extends
North for 65 miles to Madras, Oregon. The canal, with a normal capacity
of 703 second-feet, provides water for irrigation of 20,000 acres of
semiarid land in the vicinity of Madras. To prevent damage to the un-
lined canal several check and chute structures are required throughout
its length. The cross-section 1s trapezoidal in shape with 2 bottom
width of 30 feet and side slopes of 1-1/2 to 1.

This report describes studies made to determine the flow conditions
in the region of the 55° sharp angle bend at Station 2487£93.00 of the
canal, Figures 2 and 3. The flow at this point presented a problem
because of high velocities resulting from a chute just upstream from the
bend, It was believed the abrupt turning of the flow might cause unsat-
isfactery flow conditions at or below the bend with possible serious
scour or overtopping of the canal banks, Damage could only occur in the
canal since the bend is of concrete.

Model studies were made to determine whether overflow conditions
existed and if corrective measures were required, Satisfactory sclution
of the problem was obtained from the tests with only minor revisions
required in the structure,

CONCLUSIONS AND RECOMMENDATIONS

Wave action was present in the bend and canal section for all
discharges, but was less at the maximum flow of 703 second-feet than at
the two intermedlate flows of 530 and 350 second-feet. The magnitude of
the waves was not great enough to cause overtopping of the walls of the
bend a the banks of the canal.

Concentration of flow against the outside wall of the bend raised
the water surface sufficiently to cause overtopping of the wall when
operating at maximum discharge. To correct this condition it is recom-
mended that the right training wall height be increased 1 foot from
Station 2487£83.0L to Station 2489£10.21 on the outside of the bend.




No unsatisfactory concentration of flow in the canal ssction resulted
from the turning of the water in the sharp bend. Scour was present in

the canal at the downstream end of the transition section for all dis-
charges. To reduce the srosion it is recommended that riprap be placed
on the bottom and sides of the canal for a distance of 50 feet, starting
at Station 2488£52.21.

THE MODEL

Description gnd Design

The model, Figure 4, on a scale of 1 to 16, included the downstream
half of the chute, the stilling=-basin between the chute and bend, the
55° bend shown in Figures 2 and 3, and a2 portion of the canal downstream
from the bend. Water entered the chute through a wooden head box lined
with sheet metal, The stilling-basin at the toe of the chute, the 55°
bend, and the canal section were contzined in the tail box, also a lined
wooden box. The training walls, stilling-basin, and bend were made of
wood faced with sheet metal. The transition between the bend and the
canal, including the bottom, was moclded in concrete. The canal bottom
was of sand and the side slopes of concrete. Water supplied to the model
was measured by accurately calibrated venturi meters and a point gage
was used to determine the elevation of ths water surface in the canal
section.

The vertical height of the chute section was incressed 4 feet over
that shown in the prototype to insure the proper velocity of flow entering
the stilling-basin., In a small scale model it is impossible to reproduce
the roughness of the prototype to scale. As a result, the friction losses
in the model are greater than the corresponding prototype losses. The
increased vertical fall in the model compensated for the excessive model
loss, thereby providing the proper velocity, and hence, the propsr snergy
for the flow entering the stilling~basin.

Resign Check

To determine whether the proper increase in chute slope hed been
used in the model, measurements wsre made to determine the velocity of
flow entering the stilling-basin. From the depth of water, measured at
the toe of the chute for the maximum discharge of 703 second-feet, the
ares was determined, and the velocity was computed to bs 6L feet per
second. This close agreement with the calculated prototype velocity of
65 feet per second indicated that the slope increase in the model was
satisfactory.

THE INVESTIGATION

General

The model studies were made for various diacharges up to the
maximum of 703 second-feet. Particular attention was given %o the
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tests at maximum discharge since the prototype was intended to operate

at this condition and also, the velocities were highest at this discharge.
The lowest discharge tested was 175 second-feet., The water surface in
the canal was maintained at the depth shown in the depth versus discharge
table of Figure L.

Three factors were observed in judging the performance of the model.
They consisted of shservation of flow conditions at and below the bend,
wave action in the bend and canal, and scour in the canal bottom.
Photographs of four different discharges recorded the performance of the
structure.

A modiflication to the original design was tested consisting of
four curved guide vanes placed in the bend, but only slight changes in
flow conditions resulted. Final modification to the structure was a
1 foot addition to the height of the outside wall of the bend and riprap
on the canal section downstream from the bend.

Description of Tests

Original bend. The operation of the model at discharges of 703,
530, 350, and 175 second-feet are shown in Figures 5, 6, and 7. Wave
action occurred at all discharges; however at 530 and 350 second-feet
the waves were of greater magnitude than for the other two flows.
Although the waves presented an objectionable appearance, it was believed
they would not have any destructive action on the side slopes of the
earth canal,

Flow of water around the bend was satisfactory except at maximum
discharge, Figure 5. The flow of water against the outside wall of the
btend caused a rise in the water surface resulting in overtopping of the
wall. This condition was corrected by increasing the height of the
wall 1 foot prototype between Stations 2487483.0L and 2489£10,21,

For all test discharges scour was observed in the canal bottom just
downstream from the transition section. The greatest scour occurred at
the maximum discharge of 703 second-feet, Riprap placed below the tran-
sition in the first 50 feet cf the canal reduced the erosion of the
canal bottom to a negligible amount.

Vanss at bend. Four, equally spaced, curved vanes were installed
in the bend, Figure L. No notlicesble changes in the action or magnitude
of the waves resulted from the use of the vanes. With no riprap at the
end of the transition scour in the canal bottom was still present. The
vanes prevented the water from flowing over the outside wall of the bend
when using the original wall height and flow distribution in the canal
section was improved. However, these improvements were not sufficient
to Justify the added expense of installing vanes.
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FIGURE

A - Model Operation
Q = 7035 ¢c.f.s.

B - Model Operation
Q =703 c.f.3.

NORTH UNIT MAIN CANAL
DESCHUTES PROJECT




A - Model Operation
Q=5

30 c.f.s.

B - Model Operation
Q = 350 c.f.8s.

NORTH UNIT MAIN CANAL
DESCHUTES PROJECT




FIGURE 7

- Model Operation
Q =

175 c¢.f.8.

B ~ Model Operatiosn
Q = 175 c.f.8.
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